Living and taking recreation in rural and coastal environments promote health and wellbeing, although the causal factors involved are unclear. It has been proposed that such environments provide a counter to the stresses of everyday living, leading to enhanced mental and physical health. Living in natural environments will result in airborne exposure to a wide range of biogenic chemicals through inhalation and ingestion of airborne microbiota and particles. The hypothesis formulated here is that regular exposure to low concentrations of mixtures of natural compounds and toxins in natural environments confers pleiotropic health benefits by inhibiting the activities of interconnected cell signalling systems, particularly PI3K/Akt/mTORC1. When overactive, Akt and mTOR (mTORC1) can lead to many pathological processes including cancers, diabetes, inflammation, immunosuppression, and neurodegenerative diseases. There is a substantial body of evidence that many natural products (i.e., from bacteria, algae, fungi and higher plants) inhibit the activities of these protein kinases. Other mTOR-related interconnected metaboli -are also affected by natural products.
64 65
INTRODUCTION
Epidemiological evidence to support positive health benefits (biophilia green-blue effect)
from living in and taking recreation in natural environments is mounting (Aspinall et al., 2015; Berman et al., 2008; Dadvand et al., 2005; Depledge et al., 2013; Maas et al., 2006; Park et al., 2007 Park et al., , 2010 Rook, 2013; Sandifer et al., 2015; SarrafZadegan & AminiNik,1997; Wheeler et al., 2012; White et al., 2010 White et al., , 2013 Wilson, 1984) . Beneficial effects in wellbeing are especially prominent in individuals of lower socio-economic status (Maas et al., 2009; Mitchell & Popham, 2008; Dadvand et al., 2012; Wheeler et al., 2012) . The causative factors are unknown, although to date these beneficial effects have been attributed largely psychological mechanisms involving a reduction in stress through taking more exercise and living in aesthetically pleasing situations (White et al., 2014) . However, psychological mechanisms are unlikely to explain the longer-lasting physiological health benefits, so other environmental factors may be involved, including low-level exposure to natural airborne microbiota and biogenic products (including phytochemical and particulate allergens) that are inhaled and ingested in rural and coastal areas (Christensen et al., 1999; Després et al., 2012; Jones & Harrison, 2003; Matthias-Maser et al., 2000; Matsunaga et al., 2011; Ong et al., 1986 Ong et al., , 1994 Paré & Tumlinson, 1999; Postolache et al., 2007; Rook, 2013; Seedorf et al., 2014) .
There is a growing body of evidence that inhalation and ingestion (i.e., via the upper respiratory tract mucus) of the airborne microbiota may be contributing to more effective immunoregulation (Cox et al., 2014; Rook, 2013; Seedorf et al., 2014; Smillie et al., 2011) , while airborne biogenic chemicals are present in sufficient concentrations in aerosols, microbiota, spores and pollen to cause toxicity and allergic reactions (Artaxo & Hansson, 1995; Bahadur et al., 2010; Bennett & Klich, 2003; Christensen et al., 1999; D'amato, 2000; Gerssen et al., 2010; Graham et al., 2003; Lu et al., 2013; Dungan, 2011 ; 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 4 ingested polyphenols are beneficial for health, some airborne polyphenols can be harmful such as tannins causing byssinosis (Bennick, 2002 , Del Rio et al., 2013 Kennedy & Wightman, 2011; Pandey & Rizvi, 2009 ).
Volatile phytochemicals (volatile organic chemicals -VOCs) such as terpenoids have also been implicated in beneficial roles in human health, with some having anti-cancer properties (Chen et al., 2014; Kusuhara et al., 2012; Matsunaga et al., 2011; Park et al., 2010b; Son et al., 2013) . A number of terpenoids inhibit NFsignalling reducing inflammation and inhibit mTOR and activating autophagy (Cock, 2013; Russo et al., 2014; Salminen et al., 2008) . The Japanese practice of B Shinrin-yoku has been shown to have significant health benefits including a reduction in cortisol, which can be a consequence of mTOR inhibition (De Martino et al., 2012; Park et al., 2007 Park et al., , 2010a . Taking recreation in forests, as in Shinrin-yoku, will result in exposure to airborne VOCs -pinene, -pinene, d--terpinene, all of which can have health benefits (Cock, 2013; Russo et al., 2014; Son et al., 2013) .
Many of the biogenic compounds that will be discussed in this paper are toxic at higher concentrations, although generally the concentrations encountered from airborne sources will be significantly below the toxic threshold (Després et al., 2012) . This raises the issue of whether any physiological responses reactions to these compounds will constitute a hormetic effect ( Blagosklonny, 2011; Duke, 2011; Hooper et al., 2010; Menendez et al., 2013) . Hormesis is discussed in a later section, and refers to a biphasic dose response to an environmental agent characterized by low dose stimulation or beneficial effect and a high dose inhibitory or toxic effect (Mattson, 2008) .
The hypothesis developed here is that airborne biogenic compounds in rural and coastal environments interact with specific cell signalling pathways to exert beneficial effects that parallel the effects of caloric restriction (CR), by targeting the PI3K/AktT/mTORC1 (PI3K -phosphatidylinositol-3 kinase, Akt -serine/threonine kinase or protein kinase B -PKB, and mTORC1 -mechanis c target of rapamycin complex 1 ), NF-B (nuclear factor kappa-light-chain-enhancer of activated B cells) and PTEN (phosphatase and tensin homolog, tumour suppressor) pathways and autophagy ( Fig. 1 ; for a detailed schematic of mTOR-linked cell signalling pathways see the review by Laplante & Sabatini, 2009; Zhang et al., 2012) . Inhibition of these pathways, with the exception of PTEN can result in antiinflammatory, cardiovascular, anti-diabetes, neurological, anti-psychotic and anti-cancer health benefits ( Arafa et al., 2011; Asnaghi et al., 2010; Balistreri et al., 2013; Ballou & Lin, 2008; Bassères & Baldwin, 2006; Beevers et al., 2013; Blagosklonny, 2011; Corradetti & Guan, 2006; Dan et al., 2008; de Souza et al., 2010; Deeb et al., 2007; Harries et al., 2012; Hau et al., 2013;  
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As indicated in the preceding section, humans are subjected to a highly diverse array of natural products derived from the microbiota, fungi and plants; and also, man-made (anthropogenic) chemical contaminants particularly in the urban environment (Table 1; Pott F, Stobert, 1983; Rogge et al., 1993a, b) . There is a huge scientific literature on the interactive and harmful effects of airborne pollutants but rather less on the interactions and health effects of naturally occurring biogenic products (Brunekreef & Forsberg, 2005; Del Rio et al., 2013; Rogge et al., 1993a, c) .
4.1.
Interactions with cell signalling pathways (Fig. 1) 4.1.1. PI3K Akt mTOR Surprisingly, many of the airborne biogenic products that have been identified in the natural environment interact with some of the key components of the cell signalling network in humans and all other eukaryotic organisms ( Fig. 1 mTOR (mTORC1) is also a nutrient and stress sensor and when active suppresses the process of lysosomal autophagy which is crucial for the effective turnover of cellular proteins and organelles ( Fig.   1 ; Laplante & Sabatini, 2012) . Low nutrient levels and other environmental stressors (e.g., hypoxia, execise), including many phytochemicals, switch mTORC1 off, hence activating autophagy (Cuervo, 2004; Kim et al., 2012; Levine & Kroemer, 2008 , Klionsky et al., 2007 Moore et al., 2007; Nacarelli et al., 2014; Zhang et al., 2012) . Autophagy is important in removing oxidatively damaged and defective proteins and organelles, and is strongly linked with longevity and protection against tumours (Cuervo, 2004; Kim et al., 2012; Levine & Kroemer, 2008; Martins et al., 2011; Moore, 2008; Moore et al., 2008; Rubinsztein et al., 2011; Salminen & Kaarniranta, 2009a; Zhang et al., 2012) .
PTEN and NF-
PTEN is a tumor suppressor protein, which is mediated via its phosphatase action. This phosphatase Cuervo, 2004; Eskelinen et al., 2009; Mizushima et al., 2008) . Consequently, the autophagic processes have been increasingly shown to have protective functions against ageing and many diseases including cancers, neurodegenerative diseases ( Fig. 2 ; Cuervo, 2004; Ferrari et al., 2011; Hippert et al., 2006; Mizushima et al., 2008; Ozkan et al., 2015; Rubinsztein et al., 2011; Salminen & Kaarniranta, 2009a; Selvakumaran et al., 2013; Trocoli & Djavaheri-Mergny, 2011; Zhang et al., 2012) . Autophagic lysosomal digestion is triggered by many environmental stressors including caloric restriction (CR), hypoxia, ROS, exercise, many toxins and phytochemicals, and sunlight and vitamin D mediated via the vitamin D receptor -VDR (Chatterjee etal., 2014; Delmas et al., 2011; Ferrari et al., 2011; Mestre & Columbo, 2013; Moore et al., 2008; Wu & Sun, 2011; Zhang et al., 2012) .
Autophagy, triggered by inhibition of mTOR and other mTOR-independent pathways (e.g., SIRT 1 and VDR), is probably an important component of hormetic responses, particularly in anti-ageing processes (Blagosklonny, 2011 , Kim et al., 2012 Martins et al., 2011; Moore & Stebbing, 1976; Rubinsztein et al., 2011; Salminen et al., 2012; Wu & Sun, 2011) . mTOR (mTORC1) is also a nutrient and stress sensor that regulates lysosomal autophagy, apoptosis (Type 1 programmed cell death PCD 1) and senescence, that when inhibited can have beneficial consequences as indicated above.
In essence, many of the natural biogenic compounds described in this paper may act as calorie restriction (CR) mimetics: CR is well known to have beneficial effects in a wide range of organisms by increasing lifespan and reducing the risk from age-related cancers, cardiovascular and neurodegenerative diseases (Mattson & Wan, 2005; Fontana et al., 2010) .
Cells use autophagy and the ubiquitin proteasome system as their major protein degradation pathways (Cuervo, 2004; Klionsky et al., 2007; Kraft et al., 2010; Lamb et al., 2013) . While the ubiquitin proteasome system is involved in the rapid degradation of proteins, autophagy pathways can selectively remove protein aggregates and damaged or excess organelles. Although autophagy has long been viewed as a fairly random cytoplasmic degradation system, the involvement of ubiquitin as a specificity factor for selective autophagy is rapidly emerging (Kraft et al., 2010) . Recent evidence also suggests strong interactions (crosstalk) between proteasome-mediated degradation and selective autophagy (Kraft et al., 2010) .
Low-dose exposures to some phytochemicals can trigger a cellular stress response and subsequently induce adaptive stress resistance known as hormesis (Blagosklonny, 2011; Duke, 2011; Martins et al., 2011; Mattson, 2008) . Stress resistance involves a number of molecular adaptations including activation of AMP kinase, autophagy, and alterations cell survival and longevity genes (Fig. 2 ).
Salminen and Kaarniranta (2010) 
Viruses and viral fragments
Viruses and viral fragments will comprise part of the natural particulate component of airborne material inhaled and ingested in both rural and coastal settings (Verrault et al., 2008; Whon et al., 2012) .
A considerable portion of the dissolved organic carbon (DOC) content of seawater is composed of viral material (Griffen et al., 2003; Steward et al., 2013; Wilhelm & Suttle, 1999; Williamson et al., 2008) . Much of this viral content is phage material that infects marine phytoplankton but will also include pathogens from sewage and farmland runoff and marine snow (Shapiro et al., 2014) .
Replication of mammalian DNA viruses requires that they gain control of key cellular signalling pathways that affect broad aspects of cellular macromolecular synthesis, metabolism, growth and survival (Krajcsi & Wold, 1998) . The PI3K Akt mTOR pathway is one such pathway; and DNA viruses have evolved various mechanisms to activate this pathway in order to obtain the benefits of Akt activation, including the maintenance of translation through the activation of mTOR (Buchkovich et al., 2008; Krajcsi & Wold, 1998) . However, viruses must overcome the inhibition of this pathway that results from the activation of cellular stress responses during viral infection, although multiple mechanisms have evolved to circumvent inhibitory stress signalling. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 Many airborne bioactive biogenic chemicals produced by plants, algae, fungi and bacteria are inhaled/ingested by the human populations of rural and coastal areas ( Table 1 ). The concentrations of these chemicals will be low; however, fairly continuous exposure to a diversity of bioactive chemicals may be responsible for inhibition of the mTORC1 component of the PI3K/Akt/mTOR cell signalling pathway. Such a reduction in the activity of the mTOR pathway will probably confer pleiotropic health benefits ( Fig. 3 ; Laplante & Sabatini, 2012).
SUMMARY & CONCLUSIONS
Ensuing benefits will include a reduction in inflammatory processes that can contribute to cardiovascular disease, neurodegenerative diseases, depression and age-related cancers (Fig. 3) .
Additional benefits may involve activation of the so-called sirtuin longevity genes (Salminen & Kaarniranta, 2009a) . If empirical measurements of the mTOR pathway and other related signalling processes support the hypothesis developed in this paper, then it may be possible to mimic some of the health benefits of living close to the natural environment.
Cytoprotective autophagy is likely to be a key player in any health benefits resulting from interactions with phytochemicals and other products that trigger the signalling pathways for this process. Currently there are a number of drugs in everyday use, such as aspirin (a polyphenol), metformin, and Torisel that are inhibitors of mTOR and inducers of autophagy ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 Consequently, is the increase in wellbeing observed in the natural environment an improvement or should it be considered as the baseline state? In the urban environment there will be a deprivation of airborne exposure to a considerable diversity of biogenics mostly targetting the PI3K/Akt/mTOR cell signalling pathway; and often an increase in exposure to man-made contaminant xenobiotics. A crucial question for future research is whether the concentration of bioactive chemicals in natural aerosols is sufficient to interact effectively with cell signalling, in the manner hypothesised in this paper. Certainly airborne phytochemical allergens can interact with cell signalling systems to elicit a hypersensitive reaction from the immune system (Laiidi et al., 2003; Postolache et al., 2007) .
Consequently, future characterisation of the cell signalling related bioactivity of phytochemicals and other biogenic compounds in natural aerosols will be critical in determining the validity of this hypothesis, as has already the case with airborne marine algal toxins (Cheng et al., 2005a (Cheng et al., , b, 2007 .
PROSPECTUS
Based on the discussion in this paper, it is proposed that future epidemiological investigations on the Experimental and observation will be required to complement any supporting epidemiological data that may emerge. A suggested way forward is as follows:
detailed seasonal sampling and analysis to characterise airborne biogenic compounds is needed both from urban and rural/coastal environments at various latitudes determination of bioactivity of the airborne biogenics identified will need to be confirmed in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 pre-clinical tests conducted in human volunteers with endpoints selected on the basis of the results from animal exposures.
Finally, if this hypothesis is supported by the data, then public health strategists and urban planners will need to take it into consideration for the improvement of the health and wellbeing of urban dwellers. Essentially, is it possible to effectively bottle the benefits of natural green-blue space?
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